Summary Twenty-one patients with poor prognosis nonseminomatous germ cell tumours (six with extreme burden disease at presentation in whom partial remission had been achieved with initial induction therapy, and 15 with recurrent disease after induction therapy) were treated with high-dose chemotherapy and autologous bone marrow transplantation (BMT). The first six received etoposide 3.0 g m2, ifosfamide 6.0 g m-2 and carboplatin 1.2 g m-2 (Regimen 1), and the subsequent 15 received etoposide 2.4 g m2 (continuous infusion), cyclophosphamide 7.2 g m-2 and carboplatin 0.8 g m-2 (Regimen 2) followed by infusion of previously stored autologous marrow.
The advent of platinum-based chemotherapy allowed the expectation of cure for most patients with nonseminomatous germ cell tumours (Einhorn, 1990; Feuer et al., 1991) . How- ever, for those with disease that either fails to remit or recurs after such therapy the prognosis is poor (Loehrer Sr et al., 1988; Harstrick et al., 1991) . Approaches to treatment in this latter group include use of noncrossresistant drugs as well as augmentation of dose intensity (Coppin et al., 1992) .
In an attempt to exploit the steep dose-response curve of some drugs, autologous bone marrow transplantation (BMT) has been used to permit the administration of cytotoxic therapy in doses otherwise precluded by prolonged myelosuppression (Keating, 1992) . When this strategy is applied to patients with advanced refractory malignant disease (Cheson et al., 1989) , including germ cell tumours (Broun et al., 1992) , remissions are generally disappointingly brief. Nevertheless, experience with Hodgkin's disease (Reece et al., 1991) suggests that high-dose chemotherapy and autologous BMT ('autografting') might be more successful if employed earlier for chemoresponsive disease.
Against this background, a study was commenced to evaluate high-dose chemotherapy and autologous BMT in the treatment of patients with nonseminomatous germ cell tumours in whom cure with conventional therapy was considered unlikely.
Methods

Strategy
The overall strategy developed in Vancouver for the management of patients with poor prognosis nonseminomatous germ cell tumours, based on a high-intensity cisplatin-etoposide (HIPE) program (Murray et al., 1987) , has been described elsewhere (Coppin et al., 1992 etoposide 100 mg m-2 on days 1 and 2) is given weekly (provided the neutrophil count > 0.5 x 109 L-') to patients with high burden disease (Birch et al., 1986) at presentation and those with recurrent disease after other cisplatin-based chemotherapy protocols. Early in the series, patients received 5 to 11 cycles of HIPE until they were in or approaching marker remission before consideration of consolidation with high-dose chemotherapy Regimen 1 (see below). With the introduction of Regimen 2, the trend has been to give five cycles over weeks 0 to 5 and then consolidate with one or two cycles of VIP (Loehrer Sr et al., 1986) .
Eligibility for autografting Two groups of patients were eligible for high-dose chemotherapy and autologous BMT: (1) patients with extreme burden disease (extrapulmonary visceral metastases or HCG> 105 or AFP> 104) at presentation, in whom only partial remission was achieved with induction therapy (high risk group); (2) patients with unequivocal disease progression during or after cisplatin-based chemotherapy (salvage group).
Patients
Between March 1986 and April 1992, 21 male patients aged 16 to 38 years (median 28) underwent high-dose chemotherapy and autologous BMT. Six patients with extreme burden disease at presentation had achieved partial remission with initial induction therapy (Table I) . Fifteen patients had developed recurrent disease during or after induction therapy (Table II) All patients except one had disease of nonseminomatous primary histology, with or without seminoma. In the one who did not (UPN 498), the histology was pure seminoma, but the AFP was elevated at recurrence.
The treatment protocol was approved by the local review boards and patients gave informed consent prior to entry into the study.
High-dose chemotherapy regimens Two high-dose chemotherapy regimens were employed (Figure 1) . The first six patients received Regimen 1, in which The renal toxicity and mucositis encountered with Regimen 1 prompted the development of Regimen 2 in 1988. One patient (UPN 305) died on day 33 of interstitial pulmonary fibrosis. Peripheral neuropathy and hearing loss post-BMT were troublesome in some patients. In all except one (who continues to need a hearing aid), both problems resolved functionally, although one patient required a prolonged period of rehabilitation for a severe motor neuropathy.
Outcome
The outcome post-BMT according to disease status at study entry and at autografting is shown in Table IV . Both patients who died of therapy-related causes (UPN 192 and 305) had no evidence of viable malignant disease at post-mortem examination. Only one of 17 patients who underwent autografting in or approaching marker remission (UPN 507) subsequently developed disease progression (event-free survival in this group was 82%, 95% confidence interval [CI] 55% to 94%). In contrast, all four patients who had progressive disease at the time of autografting (UPN 104, 309, 404 and 559) developed further disease progression soon thereafter and died.
The event-free survival plot is shown in Figure 2 . One patient (UPN 242) had a mass excised from the suprac- 
Discussion
High-dose chemotherapy and autologous BMT was incorporated into an overall strategy for the management of patients with poor prognosis nonseminomatous germ cell tumours (Coppin et al., 1992) . The basic tenet of the study was that patients with extreme burden disease at presentation in whom partial remission had been achieved and those with recurrent disease had a sufficiently poor prognosis to justify the anticipated toxicities of autografting. Two of the 21 patients died as a consequence of the treatment. One of these deaths was due to interstitial pulmonary fibrosis which was, in retrospect, developing prior to the high-dose chemotherapy and probably related to bleomycin given in conjunction with VIP. This death notwithstanding, the therapy-related mortality of 10%, although unfortunate, is acceptable under the circumstances.
The early course in the six patients who received Regimen 1 was characteristically eventful, with nephrotoxicity and mucositis being common. Two of these patients required dialysis, one of whom died of candidemia. The etiology of the nephrotoxicity was likely multifactorial, but, as suggested by others (Broun et al., 1991a) , ifosfamide was probably contributory. Accordingly, Regimen 2 was developed with the substitution of cyclophosphamide (Buckner et al., 1974) for ifosfamide as well as reduction in dose of carboplatin. In addition, etoposide was given at a lower total dose and as a continous infusion in an attempt to reduce mucositis (Phillips et al., 1991) . These revisions were probably beneficial, as Regimen 2 was associated with less nephrotoxicity. Moreover, ifosfamide, which can undergo only modest dose escalation (Elias et al., 1990) , may be better employed earlier for remission induction. Having established that the toxicity of Regimen 2 is usually moderate, a judicious increase in the carboplatin dose may be possible, perhaps according to pretreatment glomerular filtration rate (Calvert et al., 1989) as excretion is mainly renal (Harland et al., 1984) .
Chronic toxicity was limited to peripheral neuropathy and hearing loss. These problems were exacerbations of toxicities established pre-autografting and presumably caused by cisplatin. For the most part, they eventually resolved sufficiently so as not to be associated with significant morbidity. Seventeen patients were in or approaching marker remission at the time of autografting. In this group there were two therapy-related deaths (neither patient having evidence of disease at post-mortem examination) but only one patient subsequently developed progressive disease. Thus 82% remain event-free, which is a most gratifying result. The relative contribution of the components of the strategy, i.e., induction of remission with HIPE and VIP and consolidation with high-dose chemotherapy and autologous BMT, is not possible to determine. Nevertheless, for these patients the overall strategy is quite clearly an effective one. In contrast, all four patients with progressive disease at the time of autografting developed further disease progression soon thereafter and such patients are unlikely to benefit from the approach. It seems reasonable to suggest that the event-free survival of 67% for the whole group is a better result than might have been achieved with standard salvage chemotherapy (Loehrer Sr et al., 1988; Harstrick et al., 1991) .
A number of studies utilising autologous BMT in the treatment of germ cell tumours have been reported (Blijham et al., 1981; Mulder et al., 1988; Nichols et al., 1989; Broun et al., 1991a; Broun et al., 1991b; Droz et al., 1991; Siegert et al., 1991; Motzer et al., 1992; Nichols et al., 1992; Rosti et al., 1992) . These may be summarised as follows: (1) The majority of patients had far advanced disease and had received considerable prior therapy. (2) High-dose chemotherapy regimens were comprised of various combinations of carboplatin, etoposide, cyclophosphamide and ifosfamide. (3) Durable remissions were achieved in 10% to 25% of patients. (4) Patients with disease responsive to conventional therapy at relapse were more likely to achieve durable remission than those with refractory disease (Droz et al., 1991; Rosti et al., 1992 BROUN, E.R., NICHOLS, C.R., KNEEBONE, P., WILLIAMS, S.D., LOEHRER, P.J., EINHORN, L.H. & TRICOT, G.J.K. (1992 
